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Abstract: Objective: To understand about knee joint position sense, balance and physical function in patients with knee Osteoarthritis. 
Methods: 25 subjects with grade II osteoarthritis and 25 age- sex matched normals participated. Joint position sense was assessed with 
inclinotrac digital sensors at 30 and 45 degrees of knee flexion, balance withCTSIB using a Balance Master; Physical Function by 
WOMAC scale.Results:Knee joint repositioning error was (39.48 ± 6.80) and (32.47 ± 1.78) and (52.80 ± 7.29) and (46.73 ± 2.39) at 30 
and 45 degrees of knee flexion, Sway velocity difference of (1.53) and (1.04) and WOMAC score for Osteoarthritis patients and matched 
normals respectively were statistically significant with p value (<0.005). Conclusion: Joint position sense, balance and physical function 
were affected severely in the osteoarthritis group. 
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1. Introduction 
 
Osteoarthritis (OA) is one of the most prevalent 
musculoskeletal conditions of aged population and is one of 
the leading cause of and disability in this demographic 
worldwide.
1
Osteoarthritis, also known as Degenerative 
Arthritis, degenerative joint disease, is a degenerative 
musculoskeletal disorder caused by inflammation, 
breakdown, and the eventual loss of articular cartilage in the 
joints.
2
 
 
This disease most commonly affects the middle-aged and 
elderly, although younger people may be affected because of 
injury or overuse.
3
 Incidence of knee osteoarthritis is rising 
by increasing average age of general population. It has been 
found that about 13% of women and 10% of men aged 60 
years and older have symptomatic knee osteoarthritis.
4
The 
prevalence of OA increases with age and generally affects 
women more frequently than men.
5
Age, weight, trauma to 
joint due to repeating movements in particular squatting and 
kneeling have been found to be common risk factors for 
knee osteoarthritis.
6 
Many countries in Asia are ageing 
rapidly.
7 
It has been estimated that the percentage of people 
aged 65 years and over in Asia will more than double in the 
next two decades, from 6.8% in 2008 to 16.2% in 2040.
8
 
 
It has been observed that most of the OA disability burden is 
attributable to the hips and knees.
9
The knee is the most 
frequently affected joint of the lower limb.
3
 The affection is 
mostly bilateral but in some cases, may be unilateral.
3
 Being 
a weight bearing joint, the affection of the knee joint 
seriously affects mobility and hence the functional 
capabilities of the patient. In fact, OA is a precipitating 
diagnosis for more than 90% of the increasing number of 
total hip or knee joint replacement operations being 
undertaken worldwide.
9
Patients with knee osteoarthritis 
report pain and difficulty with functional activities such as 
prolonged sitting, ascending and descending stairs, walking, 
squatting, kneeling, rising from a chair and getting in and 
out of a car, leading to a loss of functional independence and 
reduced quality of life. Physical function depends upon 
many physiological parameters including muscle strength, 
sensory input from proprioception, visual and vestibular 
systems, intact balance mechanisms, range of motion and 
higher cortical function. Impairments in these parameters are 
likely contributors to disability.
10
 
 
Knee osteoarthritis (OA) causes changes not only in the 
tissues within the articular cavity, but also the ligaments, 
tendons, and peri-articular tissues including the muscles.
11, 
12
Also, the number of mechanical sensory receptors around 
the ligaments of knee joints with OA have been reported to 
be reduced when inspected histologically. Many aspects of 
the human body, such as the vestibular system, sight, 
proprioception, muscular strength, and cognition are related 
to the balance control, which is an important ability in 
everyday life.
13
Furthermore, it has been observed that falls 
and loss of balance most commonly occur during dynamic 
tasks such as walking, therefore, making it important that 
evaluation of balance incorporates testing procedures that 
reflect the dynamic nature of locomotor tasks.
14, 15
 
 
Contradicting studies have been found in relation of 
proprioception deficit with knee pain. Also, some studies 
have demonstrated no association of osteoarthritis of knees 
and proprioception deficit. Thus, one of the objective of this 
study was to understand about proprioception in patients 
with knee osteoarthritis and then compare it with age-sex 
matched normals. To the authors best knowledge, there have 
been no studies comparing the joint position sense, balance 
and physical function in patients with grade 2 knee 
osteoarthritis and age-sex matched normals. 
 
2. Aim and Objectives 
 
The aim was to study joint position sense, balance and 
physical function among patients with Knee Osteoarthritis. 
Objectives of the study were to assess and compare 
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proprioception, balance and physical function among knee 
osteoarthritis patients and age – sex matched normals. 
 
3. Materials & Methods 
 
The study was conducted in Navi Mumbai, India.The study 
methodology was approved by the ethics committee at 
D.Y.Patil School of Physiotherapy, D.Y Patil University and 
was carried out at D.Y.Patil Hospital and Research Centre. 
The subjects were explained about the procedure and 
consent was taken for the same. The instrument used for 
assessing Joint Position Sense was inclinotrac digital sensors 
while for balance, Clinical test of Sensory Integration on 
Balance (CTSIB) using a Balance Master was used. The 
Physical Function of both the groups was assessed by the 
WOMAC scale.The study was conducted for a period of 4 
months. 50 subjects between the age group of 45 - 60 were 
selected by the method of convenient sampling with 25 knee 
osteoarthritis patients and 25 age – sex matched normals. 
Inclusion criteria for the subjects were that they were 
diagnosed case of grade 2 osteoarthritis with no recent lower 
extremity fracture or injuries and no neurological deficit. On 
completion of data collection, the data was analyzed. 
 
4. Results 
 
It was found that the women with knee osteoarthritis showed 
a higher repositioning error than their age – sex matched 
normals. The difference in the joint repositioning error, 
balance as well as function between the two groups was 
found to be statistically significant. (Table 1) 
 
Table 1 
Joint Position Sense (JPS) 
 Mean ± S.D (deg) P Value Significance 
EXPERIMENTAL    
Active 30 39.48 ± 6.80 <0.0001 
 
Extremely Significant 
Passive 30 30.48 ± 0.17 
Active 45 52.80 ± 7.29 <0.0001 
 
Extremely Significant 
Passive 45 45.41 ± 0.17 
 
CONTROL    
Active 30 32.47 ± 1.78 <0.0001 
 
Extremely Significant 
Passive 30 30.47 ± 0.14 
Active 45 46.73 ± 2.39 <0.0001 
 
Extremely Significant 
Passive 45 45.50 ± 0.15 
 
EXPERIMENTAL v/s CONTROL 
( 30 deg ) 
Mean ± S.D 
(deg) 
P Value Significance 
Active – Experimental 39.78 ± 6.8 
<0.0001 Extremely significant 
Active – Control 32.47 ± 1.78 
 
EXPERIMENTAL v/s CONTROL 
( 45 deg ) 
Mean ± S.D 
(deg) 
P Value Significance 
Active – Experimental 52.80 ± 7.29 
0.0006 Extremely significant 
Active – Control 46.73 ± 2.39 
BALANCE 
 Mean P Value Significance 
FIRM SURFACE  
Eyes Open: Experimental 0.34 
0.4091 Non-Significant 
Eyes Open: Control 0.32 
Eyes Closed: Experimental 0.4 
0.5137 Non-Significant 
Eyes Closed: Control 0.37 
    
FOAM SURFACE  
Eyes Open: Experimental 0.69 
0.3143 Non-Significant 
Eyes Open: Control 0.64 
Eyes Closed: Experimental 1.53 
<0.0001 Extremely Significant 
Eyes Closed: Control 1.04 
WOMAC SCORE 
 Mean (%) P Value Significance 
Experimental Group 40.71 
<0.0001 Extremely Significant 
Control Group 9.91 
 
5. Discussion 
 
The study was designed to compare the Knee joint position 
sense (JPS), Balance and Physical Function in patients with 
knee osteoarthritis and matched normals. A total of 50 
subjects were taken, 25 each in Experimental and Control 
groups. The mean age of the subjects in the study was 58.5 
years. Out of which 22 were females and 28 were males. On 
statistical analysis, active JPS when compared to passive 
JPS, a difference / deviation of 9.78 degree at 30 degree and 
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7.39 degree in at 45 degree was seen in the experimental 
group as compared to no deviation by the control group. 
This shows that active JPS in Experimental group had a 
repositioning error when compared control group. 
 
JOINT POSITION SENSE: Proprioception is defined as 
the afferent information arising from the internal peripheral 
areas of the body that contribute to posture control, joint 
stability, and several conscious sensations.
23 
 Proprioception 
information from afferent sensory organs 
(mechanoreceptors) reaches the central nervous system 
(CNS), where it is processed and integrated with other 
signals to regulate neuromuscular control and properly 
maintain joint stability.
24 
Proprioception plays a vital role in 
maintenance of joint stability of the knee via the 
sensorimotor system. 
 
Role of proprioception in sensorimotor system: Numerous 
types of afferent sensory organs (mechanoreceptors) found 
in various knee joint structures: Ruffini endings, Pacinian 
corpuscles, Golgi tendon organ (GTO) like endings, free 
nerve endings, muscle spindles and GTOs. The signals from 
the Ruffini endings may contain information about static 
joint position, intra-articular pressure, and the amplitude and 
the velocity of joint rotations
25
 while Pacinian corpuscles 
function as pure dynamic mechanoreceptors.
26
 Towards the 
end range of joint motion, the GTO like endings become 
active 
27
 and free nerve endings become active when the 
articular tissue is subjected to damaging mechanical 
deformations, 
28
 Muscle spindles are oriented in parallel with 
the skeletal muscle fibers encoding the event of muscle 
stretch and the rate of passive elongation.
29
 In contrast, 
GTOs are aligned in series within the musculotendinous 
junctions encoding the stretch on the tendon generated by 
the total force of a given muscle during contraction.
24
Thus 
muscle spindles and GTOs help in regulating muscle tone 
and joint stiffness, especially during dynamic tasks.
30 
 
Several (knee OA related) factors have been hypothesized 
for their possible casual role in impaired proprioceptive 
accuracy in knee OA patients, in particular muscle weakness 
and impaired mechanoreceptors. It has been hypothesized 
that dysfunctional articular mechanoreceptors, which are 
prevalent in severe osteoarthritic knees,
 31, 32
 may lead to 
impaired proprioceptive accuracy. Also, atrophy muscle 
weakness may decrease muscle spindles sensitivity, thereby 
possibly impairing proprioceptive accuracy.
33, 34, 35
 
 
In a previous study on Joint Proprioception on Osteoarthritic 
knees, it showed that patients with osteoarthritis had poorer 
joint position sense. It was thought that some loss of 
proprioception may be expected as a result of laxity of the 
capsule and ligaments caused by bone height and loss of 
cartilage. Also, possible release of lytic enzymes around the 
joint may cause damage to the receptor end-organs within 
the capsule. Though loss of joint position sense may be a 
consequence of the process of osteoarthritis, it might equally 
be a primarily factor in the initiation of joint 
damage.
36
Regardless of the severity of OA or amount of 
muscle atrophy, quadriceps weakness is common among 
individuals with OA , suggesting that this muscle weakness 
is due to the failure of the nervous system to fully activate 
available muscle fibers.
37
 The proprioception deficits were 
not related to the severity of OA, and decrease 
proprioception was present in the contralateral limb of 
individuals with OA, suggesting a deterioration of the 
sensorimotor system.
38, 39
 Recent evidence support that the 
loss of muscle strength and development of OA are the 
results of muscle dysfunction due to long-term reduction of 
physical activity and loss of mechanoreceptors rather than 
the ‘wear and tear’ of the articular cartilage as, age-matched 
individuals with regular exercise demonstrate better 
strength, function, balance and proprioception.
40
 
 
Clinical testing of Sensory Integration on Balance (CTSIB) 
was done using a balance master to assess the sway velocity 
of  the Experimental and Control group with eyes open and 
eyes closed on a firm and a foam surface. 
 
On statistical analysis, the sway velocity was higher in the 
Experimental group than the control group in all the four 
components (Firm surface – eyes open & closed; Foam 
surface – eyes open & closed) showing that Balance was 
affected more in the Experimental group with the difference 
being statistically significant on foam surface with eyes 
closed.  
 
BALANCE:  Balance is a complex function involving 
numerous neuromuscular processes.
41, 42, 43
Balance 
impairments are associated with an increased risk of falls 
and poorer mobility measures.
44
 Balance control is 
dependent upon sensory input from the vestibular, visual and 
somatosensory systems. 
 
Knee osteoarthritis is a common chronic degenerative 
disorder, affecting 30-40% of the population by the age of 
65years.
46
 It has been found to be a major cause of 
locomotor disability and has been implicated as a risk factor 
for falls in older adults.
47, 48
 The presence of knee OA may 
accelerate the deterioration of balance control systems or 
compound the effects of aging. However, studies that 
evaluated balance in people with knee OA were found to be 
limited.
50, 51, 52
 Hassan et al.
51
 and Wegener et al.
52
 
demonstrated increased postural sway in subjects with knee 
OA when standing on a firm surface in both AP and lateral 
directions. 
 
The potential mechanisms that may be responsible for the 
balance deficit observed within the OA group could be 
deficit in lower limb proprioception and muscle strength that 
are associated with knee OA
53, 54, 55
 and thus may be 
postulated as a cause of impaired balance. Pain associated 
with the osteoarthritic knee may also play a role in balance 
impairments.
56
 The presence of pain may reflexively inhibit 
the muscles around the knee, which could compromise 
effective and timely motor responses in postural control. 
Moreover, pain may result in reduce loading of the affected 
joint
57
, potentially jeopardizing an individual’s ability to 
maintain their center of mass within the base of supports. 
Hassan and colleagues
58
 found pain to be remarkable 
predictor of sway in their osteoarthritic sample. As we 
know, pain is one of the most common symptoms seen in 
knee osteoarthritis patients, thus, pain could be a 
contributing factor to an increased sway velocity of the 
sample. Knee flexion contractures, reduction in quadriceps 
activation and strength
53, 54, 59, 60 
joint oedema, usually related 
Paper ID: ART20171991
2261 
International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 
Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391 
Volume 6 Issue 3, March 2017 
www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 
with OA could also be recognized as possible causes for the 
balance deficit as it shifts the individual center of mass.   
 
The decreasing activity level associated with knee OA also 
has been also shown to be partially responsible for the 
balance impairment.
65 
These deficits, with the ageing 
process, may culminate in greater impairments in balance in 
the patient population, compared with their age-matched and 
healthy counterparts. Control of balance is important in all 
postures and situations, both static and dynamic. Postural 
sway is often used as a measure of static standing balance.
66, 
67, 68
 Thus this can explain the increase in the sway velocity 
of the patients with osteoarthritis on a foam surface 
compared to a firm surface as higher demands are placed on 
all the above factors to maintain balance on a dynamic 
surface. On statistical analysis, experimental group showed a 
higher physical function affection of 40.71 % as compared 
to the control group with   9.91 %. 
 
6. Physical Function 
 
Some studies have explained poorer proprioception in those 
with greater disability as assessed by the WOMAC physical 
function score.
69
 As the quadriceps strength is important for 
functional knee stability, 
70 
impairment of quadriceps 
sensorimotor function will make the patient feel weak, 
unstable, and lower their confidence. As a consequence, 
mobility impairment and performance of ADL will lead to 
decrease functional independence.
71
 A previous longitudinal 
finding explained that people with greater proprioceptive 
deficits were at increased risk of deteriorating physical 
function and more severe pain.
72 
People may accommodate 
for (sub) conscious proprioceptive decline by adapting their 
behavior. Hence, impaired proprioception may also explain 
why people with symptomatic OA walk more slowly and 
with longer double limb stance to avoid risk of joint injury 
and prevent worsening of the disease.
73, 74
Also, in 
osteoarthritis, weakness of the quadriceps femoris muscle is 
known to cause knee pain and significant functional 
disability. This further leads to a decrease in their Quality of 
Life.
75 
Earlier studies suggest that fear of falling in people 
with knee instability is a common consequences of knee OA 
and may contribute to poor functional outcomes of the 
disease. Increased fear of falling and poor balance is 
associated with decrease physical function.
76
 This was 
confirmed with our study findings. 
 
7. Conclusion 
 
Joint position sense, Balance and Physical Function were 
affected severely in the osteoarthritis group as compared to 
their age-sex matched normals.  
 
8. Acknowledgment 
 
The authors acknowledge all the subjects who gave their 
invaluable time. We thank them for their cooperation & 
support. This study would not have been possible without 
our subjects. 
 
 
 
9. Conflict of Interest 
 
None 
 
References 
 
[1] Garstang S, Stitik T. Osteoarthritis: epidemiology, risk 
factors, and pathophysiology. Am J Phy Med Rehabil 
2006;85(Suppl):S2-11. 
[2] Jan MH, Lin JJ. Investigation of clinical effects of high 
and low resistance training for patients with knee 
osteoarthritis. Phys Ther 2008;88(4):427-36. 
[3] SaloniTanna MPH. Opportunities to address 
pharmaceutical gaps. Osteoarthritis 2004. 
[4] BehzadHeidari,Caspian J Intern Med. 2011 Spring; 
2(2): 205–212. 
[5] Marlene Fransen, Lisa Bridgett. The epidemiology of 
osteoarthritis in Asia. International journal of 
rheumatic disease 2011; 14:113-121. 
[6] ErlingLaxafoss, Steffen Jacobsen. Case definitions of 
knee osteoarthritis in 4,151 unselected subjects: 
relevance for epidemiology studies. Skeletal Radiol 
(2010) 39:859–866. 
[7] Kinsella K, He W. An Ageing World: 2008.  
[8] Marlene Fransen, Lisa Bridgett. The epidemiology of 
osteoarthritis in Asia. International Journal of 
Rheumatic Diseases 2011; 14: 113–121 
[9] Australian Orthopaedic Association (2009) Hip and 
Knee Arthoplasty. National Joint Replacement 
Registry Annual Report 2009. 
[10] Kim L. Benell, Rana S. Hinman. Relationship of knee 
joint proprioception to pain and disability in 
individuals with knee osteoarthritis. Journal of 
Orthopaedic Research 21(2003) 792-797. 
[11] Brandt KD, Dieppe P, Radin EL. Etiopathogenesis of 
osteoarthritis. Rheum Dis Clin North 
Am. 2008;34:531–539. 
[12] Martel-Pelletier J. Pathophysiology of 
osteoarthritis. Osteoarthritis Cartilage. 1998;6:374–
376. 
[13] Hassan BS, Mockett S, Doherty M. Static postural 
sway, proprioception, and maximal voluntary 
quadriceps contraction in patients with knee 
osteoarthritis and normal control subjects. Ann Rheum 
Dis. 2001;60:612–618 
[14] Campbell AJ, Borrie MJ, Spears GF, Jackson SL, 
Brown JS, Fitzgerald JL. Circumstances and 
consequences of falls experienced by a community 
population 70 years and over during a prospective 
study. Age Ageing 1990;19:136-41. 
[15] Niino N, Tsuzuku S, Ando F, Shimokata H. 
Frequencies and circumstances of falls in the national 
institute for longevity sciences, longitudinal study of 
aging (NILSLSA). J Epidemiol 2000;10:S90-4 
[16] Bellamy N, Buchanan WW, Goldsmith CH, Campbell 
J, Stitt LW. Validation study of WOMAC: a health 
status instrument for measuring clinically important 
patient relevant outcomes to antirheumatic drug 
therapy in patients with osteoarthritis of the hip or 
knee. J Rheumatol 1988;15:1833-40. 
[17] Bellamy N, Buchanan W, Goldsmith C, Campbell J, 
Stitt L. Validation study of WOMAC: a health status 
instrument for measuring clinically important patient 
Paper ID: ART20171991
2262 
International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 
Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391 
Volume 6 Issue 3, March 2017 
www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 
relevant outcomes following total hip or knee 
arthroplasty in osteoarthritis. J OrthopRheumatol 
1988;1:95-108. 
[18] Beaton D, Schemitsch E. Measures of health-related 
quality of life and physical function. ClinOrthopRelat 
Res 2003;413:90-105. 
[19] McConnell S, Kolopack P, Davis A. The Western 
Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC): a review of itsutility and 
measurement properties. Arthritis Care Res 
2001;45:453-61. 
[20] Soderman P, Malchau H. Validity and reliability of 
Swedish WOMAC osteoarthritis index: a self-
administered disease-specific questionnaire 
(WOMAC) versus generic instruments (SF-36 and 
NHP). Acta OrthopScand 2000;71:39-46. 
[21] Bellamy N, Buchanan WW, Chalmers A, Ford PM, 
Kean WF, Kraag GR et al. A multicenter study of 
tenoxican and diclofenac in patients with osteoarthritis 
of the knee. J Rheumatol 1993;20:999-1004. 
[22] Bellamy N, Kean WF, Buchanan WW, Gerecz-Simon 
E, Champbell J. Double blind randomized control trial 
of sodium meclofenamate (Meclomen) and diclofenac 
sodium (voltaren) :post validation reapplication of the 
WOMAC Osteoarthritis Index. J Rheumatol 
1992;19:153-9. 
[23] Riemann BL, et al., J Athl Train, 2002;37:71–9. 
[24] Lephart SM, et al., Human Kinetics; 2000:xvii–xxiv. 
[25] Johansson H, et al. In: Lephart SM, Fu FH (eds), 
Proprioception and neuromuscular control in joint 
stability, Human Kinetics, 2000:5–22. 
[26] Boyd IA, J Physiol, 1954;124:476–88. 
[27] Zimny ML, Am J Anat, 1988;182:16–32. 
[28] Schaible HG, et al., J Neurophysiol, 1983;49:1118–26. 
[29] Aminoff MJ, et al., Encyclopedia of the Neurological 
Sciences: Book Encyclopedia of the Neurological 
Sciences, San Diego, Academic Press, 2003 
[30] Donelan JM, et al., Can J PhysiolPharmacol, 
2004;82:589–98. 
[31] Franchi A, Zaccherotti G, Aglietti P. Neural system of 
the human posterior cruciate ligament in osteoarthritis. 
J Arthroplasty 1995;10(5):679-82. 
[32] Schultz RA, Miller DC, Kerr CS, Micheli L. 
Mechanoreceptors in human cruciate ligaments. A 
histological study. J Bone Joint Surg Am 
1984;66(7):1072-6. 
[33] Hurley MV, Scott DL, Rees J, Newham DJ. 
Sensorimotor changes and functional performance in 
patients with knee osteoarthritis. Ann Rheum Dis 
1997;56(11):641-8. 
[34] Jan MH, Tang PF, Lin JJ, Tseng SC, Lin YF, Lin DH. 
Efficacy of a target-matching foot-stepping exercise on 
proprioception and function in patients with knee 
osteoarthritis. J Orthop Sports Phys Ther 
2008;38(1):19-25. 
[35] Marks R. Further evidence of impaired position sense 
in knee osteoarthritis. Physio Res Int 1996;1(2):127-
36. 
[36] D.S.Barrett, A.G.Cobb. Joint Proprioception in normal, 
osteoarthritis and replaced knee. J Bone Joint Surg 
1991;73-B:53-6 
[37] Slemenda C, et al., Ann Intern Med, 1997;127:97–104. 
[38] Koralewicz LM, et al., J Bone Joint Surg Am, 
2000;82-A:1582–8. 
[39] Sharma L, et al., Arthritis Rheum, 1997;40:1518–25. 
[40] Shrier I, Br J Sports Med, 2004;38:526–35. 
[41] Horak FB, Shupert CL, Mirka A. Components of 
postural dyscontrol in the elderly: A review. Neurobiol 
Aging1989;10:727–38. 
[42] Stelmach GE, Teasdale N, Di Fabio RP, Phillips J. Age 
related decline in postural control mechanisms. Int J 
Aging Human Dev1989;29:205–23. 
[43] Jones G. Posture. In: Kandel E, Schwartz J, Jessell T, 
eds. Principles of neural science. New York: 
McGraw‐Hill, 2000:816–31. 
[44] Whipple R, Wolfson L, Derby C, Singh D, Tobin J. 
Altered sensory function and balance in older 
persons. J Gerontol1993;48:71–6. 
[45] McCredie, Scott.Balance: In search of the lost sense.: 
Little, Brown:2009. 296  
[46] Van Saase JL, Van Romunde LK, Cats A, 
Vandenbroucke JP, Valkenburg HA. Epidemiology of 
osteoarthritis: Zoetermeer survey. Comparison of 
radiological osteoarthritis in a Dutch population with 
that in 10 other populations. Ann Rheum Dis 
1989;48:271-80. 
[47] Davis MA, Ettinger WH, Neuhaus JM, Mallon KP. 
Knee osteoarthritis and physical functioning: evidence 
from the NHANES I epidemiologic follow-up study. J 
Rheumatol1991;18:591-8. 
[48] Guccione AA, Felson DT, Anderson JJ, Anthony JM, 
Zhang Y, Wilson PW, et al. The effects of specific 
medical conditions on the functional limitations of 
elders in the Framingham Study. Am J Public 
Health1994;84:351-8. 
[49] Shumway-Cook A, Brauer S, Woollacott M. Predicting 
the probability for falls in community-dwelling older 
adults using the timed up and go test. Phys Ther 
2000;80:896-903. 
[50] Hurley MV, Scott DL, Rees J, Newham DJ. 
Sensorimotor changes and functional performance in 
patients with knee osteoarthritis. Ann Rheum Dis 
1997;56:641-8. 
[51] Hassan B, Mockett S, Doherty M. Static postural sway, 
proprioception, and maximal voluntary quadriceps 
contraction in patients with knee osteoarthritis and 
normal control subjects. Ann Rheum Dis 2001;60:612-
819.  
[52] Wegener L, Kisner C, Nichols D. Static and dynamic 
balance responses in persons with bilateral knee 
osteoarthritis. J Orthop Sports Phys Ther 1997;25:13e8 
[53] Fisher NM, Pendergast DR. Reduced muscle function 
in patients with osteoarthritis. Scand J Rehabil 
Med1997;29:213–21. 
[54] Hurley MV, Scott DL, Rees J, Newham DJ. 
Sensorimotor changes and functional performance in 
patients with knee osteoarthritis. Ann Rheum Dis 
1997;56:641–8. 
[55] Pai Y-C, Rymer WZ, Chang RW, Sharma L. Effect of 
age and osteoarthritis on knee proprioception. Arthritis 
Rheum 1997;40:2260–5. 
[56] Arvidsson I, Eriksson E, Knutsson ESA, Arner S. 
Reduction of pain inhibition on voluntary muscle 
activation by epidural analgesia. Orthopedics 
1986;9:1415–9. 
Paper ID: ART20171991
2263 
International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 
Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391 
Volume 6 Issue 3, March 2017 
www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 
[57] Hurwitz DE, Ryals AR, Block JA, Sharma L, 
Schnitzer TJ, Andriacchi TP. Knee pain and joint 
loading in subjects with osteoarthritis of the knee. J 
Orthop Res2000;18:572–9. 
[58] Hassan B, Mockett S, Doherty M. Static postural sway, 
proprioception, and maximal voluntary quadriceps 
contraction in patients with knee osteoarthritis and 
normal control subjects. Ann Rheum Dis 2001;60:612–
8. 
[59] Wessel J. Isometric strength measurements of knee 
extensors in women with osteoarthritis of the knee. J 
Rheumatol1996;23:328–31. 
[60] O'Reilly SC, Jones A, Muir KR, Doherty M. 
Quadriceps weakness in knee osteoarthritis: The effect 
on pain and disability. Ann Rheum Dis1998;57:588–
94. 
[61] Fahrer H, Rentsch HU, Gerber NJ, Beyeler C, Hess 
CW, Gronig B: Knee effusion and reflex inhibition of 
the quadriceps. A bar to effective retraining.J Bone 
Joint Surg 1988;70B:635-638. 
[62] Hurley MV, Newham Dl: The influence of 
arthrogenous muscle inhibition on quadriceps 
rehabilitation of patients with early unilateral 
osteoarthritic knees. Br J Rheumatol 1993;32:127-l3 1 
[63] Kennedy JC, Alexander 11, Hayes KC: Nerve supply 
of the human knee and its functional importance. Am J 
Sports Med 1982;10:329-335. 
[64] Sharma L, Pai Y‐C, Holtkamp K, Rymer WZ. Is knee 
joint proprioception worse in the arthritic knee versus 
the unaffected knee in unilateral knee 
osteoarthritis?Arthritis Rheum1997;40:1518-25. 
[65] Lord SR, Caplan GA, Ward JA: Balance, reaction 
time, and muscle strength in exercising and 
nonexercising older women: A pilot study. Arch Phys 
Med Rehabil74:837-839, 1993 
[66] Era P, Heikkinen E. Postural sway during standing and 
unexpected disturbance of balance in random samples 
of men of different ages. J Gerontol 1985;40:287–95. 
[67] Ekdahl C, Andersson SI. Standing balance in 
rheumatoid arthritis. A comparative study with healthy 
subjects. Scand J Rheumatol 1989;18:33–4 
[68] Kollegger H, Baumgartner C,Wober C, Oder W, 
DeeckeL.Spontaneous body sway as a function of sex, 
age, andvision: Posturographic study in 30 healthy 
adults. EurNeurol 1992;32:253–9.25. 
[69] Pai Y-C, Rymer WZ, Chang RW, Sharma L. Effect of 
age and osteoarthritis on knee proprioception. Arth 
Rheum 1997:40:2260-665. 
[70] Johansson H, Sjolander P, Sojka P. A sensory role for 
the cruciate ligaments. ClinOrthop 1991;268:161–78. 
[71] Michael V, David L. Sensorimotor changes and 
functional performance in patients with knee 
osteoarthritis. Annals of the Rheumatic Disease 
1997;56:641-648. 
[72] David T, K Douglas, Michael C. The effect of 
impaired joint position sense on the development and 
progression of pain and structural damage in knee 
osteoarthritis. Arthritis Rheum. 2009; 61(8):1070-
1076. 
[73] Skinner HB, Barrack RL, Cook SB. Age-related 
decline in proprioception. Clinical Orthopedics.1984; 
184:208–11. 
[74] Hurley MV, Rees J, Newham DJ. Quadriceps function, 
proprioceptive acuity and functional performance in 
healthy young, middle-aged and elderly subjects. Age 
Ageing. 1998 Jan; 27(1):55–62. 
[75] Jan MH, Lin JJ. Investigation of clinical effects of high 
and low resistance training for patients with knee 
osteoarthritis. Phys Ther 2008;88(4):427-36. 
[76] D.T.Felson, J Niu. The impact of knee instability with 
or without buckling on balance confidence, fear of 
falling and physical function: the Multicenter 
Osteoarthritis study.Osteoarthritis and Cartilage 
22(2014)527-534. 
 
Author Profile 
 
Dr. Deepa Abichandani is an Assistant Professor at 
School of Physiotherapy, DY Patil University. She 
specializes in Musculoskeletal and rehabilitative 
aspects of Physiotherapy. She also has keen interests 
in areas of Spine and Arthritis Rehabilitation.   
 
Habiba Jetpurwala is currently working as a 
consultant Physiotherapist at Mumbai and pursuing 
her Masters in Musculoskeletal Physiotherapy. 
Paper ID: ART20171991
2264 
